1 0 p value < 0.01, ANOSIM (ANO), R = 0.57, p value < 0.01) and eukaryotes (ado, r2 = 0.26, p 2 1 5 value <0.01, ANO, R = 0.66, p value <0.01) ( Fig. 3a-b) , with interactions by location ( Table   2 1 6 S5). The same depth stratification was seen on the vertical axis of Long Sound, showing a 2 1 7 clear difference between depths for eukaryotes (ado, r2 = 0.23, p value < 0.01, ANO, R = 1, p 2 1 8 value <0.01), specifically between the surface, 10 m, and ≥ 40 m samples ( Fig. 3c-d ), but not 2 1 9 prokaryotes (p value > 0.05). However, prokaryotic community changes were significantly 2 2 0 associated with changes in salinity, oxygen and their interaction (Table S5 ), which were 2 2 1 themselves associated with depth stratification (p value <0.05). For eukaryotic communities, 2 2 2 stratification along the horizontal and vertical axis was correlated significantly with all tested 2 2 3 environmental parameters excluding horizontal location (Table 14) . Prokaryotic stratification 2 2 4 based on depth was most correlated along the vertical NMDS axis ( Fig. 3c-d ), while the 2 2 5 eukaryotic NMDS1 showed separation between communities above 10 and those below 40 2 2 6 m. The NMDS2 separated surface, 10 m, and below 40 m, the surface and 10 m communities 2 2 7
shown to be more dissimilar than those below 40 m. Outer region prokaryotic and eukaryotic 2 2 8
Long Sound samples clustered together, unlike the innermost samples ( Fig. 3a-b ). This 2 2 9
pattern was also noted in the prokaryotic five-fjord NMDS (Fig. 4 ). along the surface samples and showed a decrease towards the Fjord's head in 10 m samples 2 3 5
( Fig. 5a-b ). The shifts found in community composition seemed to correlate with these 2 3 6
changes. For example, along the transect, shifts in dominant taxa in the surface samples seemed to correlate to sharp changes in salinity. The most notable shift in taxa occurred 2 3 8 between 5.6 and 8.5 km for both prokaryotes and eukaryotes, where the Bacteroidetes and Sound that significantly correlated with most tested environmental variables ( Fig. 6, 7) . Shifts in abundance for different groups where consistent within domains, but differed across them. Changes in prokaryotic taxa abundance occurred at 100-200 m, whereas eukaryotic shifts 2 5 5 occurred much closer to the surface at 40 m.
5 6
While some prokaryotes (i.e. Proteobacteria, Bacteroidetes, and Cyanobacteria), showed significant correlations with all tested environmental variables, this was not the case 2 5 8
for eukaryotes ( Fig. 5, 7) . No eukaryotic taxa was found to significantly correlate with 2 5 9 oxygen or temperature. However, we did see an inverse relationship for all Long Sound's 2 6 0 community patterns, most commonly between Proteobacteria and Bacteroidetes, and SAR and Opisthokonta (Fig. 5, 7 ). Our analyses indicate that a correlation exists between the diversity and community 2 6 6 structure, and the depth and salinity conditions within six New Zealand fjords. These results 2 6 7
are consistent with previous studies suggesting that changes in a fjord's microbial diversity of the community or act as a proxy for LSL mixing. Mixing zones, known to be particularly The observed shift in salinity could most likely be associated with Fiordland's characteristic 2 8 0 extremely high rainfall levels and thus large freshwater inputs (NIWA, 2016) resulting in 2 8 1 large differences in environmental conditions between the surface and the 10 m depth strata. Shifts in salinity, combined with high tannin concentrations, which limit light penetration to and taxa between depths, especially in the first 10 m. In addition, the retention times of Mixing due to currents, wind or semi-continuous external freshwater inputs (e.g. waterfalls The microbial diversity pattern found at the surface does not display a clear taxa change is noted for both prokaryotes and eukaryotes (Fig. 2, 3 ), most likely due to the strong horizontal structure in microbial communities.
Observed richness along the vertical Long Sound axis correlated significantly with 3 2 1 salinity but not depth on microbial diversity, corroborating the strong influence of the surface 3 2 2 freshwater layer, constantly fed by external freshwater sources. Neither temperature nor 3 2 3
oxygen showed a correlation with richness patterns, even though these variables are their small size microbes disperse over large distances (Foissner, 2006) , allows for microbes 3 3 0
to be found in environments unsuitable for their optimal growth. communities at different depths were just as dissimilar to each other as they were to the where the surface community is located primarily within the LSL, while the community at 10 3 6 0 m is found within LSL-influenced marine water. This degree of marine influence was also communities of different depths were less dissimilar compared to eukaryotic communities.
6 5
Both prokaryotes and eukaryotes showed that depth differences, and thus degree of marine Non-significant fjord clustering was noted for prokaryotes, the inner surface samples all those same trends were not visible within the five-fjord diversity and community patterns. Our study was the first to simultaneously investigate patterns in both prokaryotic and are consistent with previous reports on marine and fjord systems, which were dominated by Bacteroidetes degrade particulate organic matter, containing significantly more proteases Bacteroidetes attachment to phytoplankton may thus influence Bacteroidetes distribution, as salinity, which always significantly correlated with community diversity, are likely much 4 3 0 more influential in determining microbial community assemblages established within a fjord. interactions within the ecosystem. We instead focused on high taxa rank distributions due to We thank the officers and crew of RV Polaris II and science staff involved. We also thank M. The authors declare that they have no conflict of interest. Adl, S.M., Bass, D., Lane, C.E., Lukeš, J., Schoch, C.L., Smirnov, A., Agatha, S., Berney, C., 4 5 6
Brown, M.W., Burki, F., Cárdenas, P., Č epička, I., Chistyakova, L., del Campo, J., Baptist, F., Zinger, L., Clement, J.C., Gallet, C., Guillemin, R., Martins, J.M.F., Sage, L., and the functioning of alpine soils: a multidisciplinary approach. abundance was calculated from pooled significantly correlated taxa. Table S1. Kruskal-Wallis tests on observed richness in relation to depth, distance, fjord of 7 8 0 origin, salinity, oxygen, temperature for all studied fjords. oxygen, temperature for all studied fjords. 7 9 3
